We report on the realization and top-gating of a two-dimensional electron system in a nuclear spin free environment using 28 Si and 70 Ge source material in molecular beam epitaxy. Electron spin decoherence is expected to be minimized in nuclear spin-free materials, making them promising hosts for solid-state based quantum information processing devices. The two-dimensional electron system exhibits a mobility of 18000 cm 2 /Vs at a sheet carrier density of 4.6 · 10 11 cm −2 at low temperatures. Feasibility of reliable gating is demonstrated by transport through split-gate structures realized with palladium Schottky top-gates which effectively control the two-dimensional electron system underneath. Our work forms the basis for the realization of an electrostatically defined quantum dot in a nuclear spin free environment.
Quantum dots offer a promising two-level system for applications in solid state based quantum information processing [1] . Within these three dimensionally confining structures, electrostatically defined quantum dots are a well studied system [2] , mostly in III-Vmaterials. A major source of decoherence in such devices is the interaction of the confined electron spin with the surrounding semiconductor host matrix, in particular with the nuclear spin bath [3] . Recently, single electron devices have been reported in materials systems like Si-Ge [4, 5] or C [6] which contain a reduced amount of nuclear spins in their natural isotopic composition. As a next step, isotopical purification of the group-IV source materials Si, Ge and C can give access to virtually nuclear spin free materials. In this letter, we report on the realization of two-dimensional electron systems (2DES) in a nuclear spin free environment.
A 2DES forms in a strained 28 capped with 45 nm natural SiGe and protected against oxidation by a 10 nm thick Si layer on top.
The residual contamination with the nuclear spin carrying isotopes 29 Si and 73 Ge of both enriched single crystalline source materials, 28 Si and 70 Ge, respectively, is below 0.1%.
The abundance of all five naturally occurring Ge isotopes in a MBE grown layer structure has been determined by high resolution secondary ion mass spectrometry (SIMS) and is exemplarily shown in Fig. 1 b) . To meet the requirements for high concentration resolution SIMS, a specially designed, MBE grown trilayer consisting of a thick 70 Ge layer sandwiched between two layers of Ge of natural isotopic composition was analyzed. In this trilayer, the abundance of the nuclear spin carrying isotope 73 Ge decreases by almost 3 orders of magnitude from approx. 8% in the natural Ge to below 0.025%, i.e. 2.5 · 10 18 cm −3 , in the 70 Ge layer. An equivalent suppression of the number of nuclear spins has also been verified for MBE grown layers involving the 28 Si source.
Electrical characterization of the 2DES has been done in a 3 He cryostat at temper- The strained 28 Si layer appears bright. In the SiGe layers, stronger contrasts correspond to a higher Ge content.
periodicity characteristic for 2DES in Si/SiGe, originating from both, the valley-and spindegeneracy. The highest filling factors observed are 32 in ρ xx and 12 in ρ xy . Spin split levels can be resolved for filling factors lower than 10. The shoulders in ρ xx between filling factors 6 and 4 as well as 4 and 2 indicate valley splitting. In the high B-field regime, two very well defined quantum Hall effect plateaus with corresponding minima of the Shubnikov-de
Haas oscillations for filling factors four and two are visible. Our structures show no sign for any parallel conduction which might for example arise in the dopant supply layer. This absence of parallel conduction has additionally been confirmed by Hall mobility spectrum analysis measurements [7] . The remarkable Hall resistance overshoot visible before filling factors 3, 4, 6 and 8 is generally observed in our Si/SiGe heterostructure 2DES with narrow
Hall bars and is not induced by the use of isotopically enriched source material. It has also been observed by other groups [8, 9] and not only for the Si/SiGe material system [10, 11] , but no general picture of its origin has emerged yet. A systematic variation of the Hall bar geometry and experimental parameters we have carried out on Si/SiGe 2DES both with natural and isotopically engineered compositions points towards a phenomenon taking place at the Hall bar edge. The overshoot should thus not impede the realisation of few to one electron devices in this material. The systematic study will be published elsewhere.
The zero-field Hall mobility of the sample shown in Fig. 2 is 18000 cm 2 /Vs. A scattering time analysis [12, 13, 14] performed to determine the main scattering source, suggests that long range remote impurity scattering is the main mobility limiting scattering mech- sign a Schottky top-gated quantum dot. We attribute the conductance steps and peaks to potential fluctuations and thereby induced Coulomb blockade in the vicinity of the narrow conducting channel [15] . 
